Summary. In an analysis of the chromosomes in 332 metaphase II 
Introduction
Extensive studies have been made on the high frequency of centric fusions (Robertsonian translocations) in several species of animals (Bruère, 1974b) . From one such study there is little or no evidence to suggest that the centric fusions have any significant effect on the reproductive fitness of translocation-carrying sheep (Bruère, 1974a; Bruère & Chapman, 1974; Bruère & Ellis, 1979) . Although significant levels of hypermodal secondary spermatocytes have been found in single heterozygous rams (t,, 5-63%; t2, 4-5%; t3, 9-2%, Chapman & Bruère, 1975; 6-1% in t, only, Long, 1978) , it is believed that these cells do not mature into aneuploid gametes.
From the mating studies with the single translocation heterozygous sheep no unequal number of progeny of the various segregation categories was recorded consistently. However, a significant excess of non-translocation-carrying secondary spermatocytes was found in meiotic studies of the singly heterozygous rams (Chapman, 1974;  Chapman & Bruère, 1975; Long, 1978) . The studies on the tobacco mouse hybrid suggest that the effect of multiple heterozygosity would be to increase the aneuploid frequency significantly above that of the single hétérozygotes. Therefore, if the same effect should be found in the ram an aneuploid frequency significantly above that of single hétérozygotes would be expected in the triple hétérozygotes. Variations in the levels of aneuploid secondary spermatocyte frequency have been reported in the tobacco mouse (Cattanach & Moseley, 1973) and in sheep (Chapman & Bruère, 1975) with different centric fusions. However, unlike sheep, the high levels of aneuploidy in the tobacco mouse hybrids are consistent with high frequencies of zygotic loss and reduction of fertility of the F, animals (Gropp, Tettenborn & Von Lehmann, 1970; Cattanach & Moseley, 1973) . It has also been reported that the aneuploid secondary spermatocytes of one translocation-carrying strain of mice did not appear to form viable gametes (Baranov & Dyban, 1976) .
Although the significance of centric fusions and their method of formation is not fully understood (John & Freeman, 1975; Kurnit, Brown & Maio, 1978) it would appear that their effect on the fertility is species-specific. The present report describes chromosomes of the Ft animals from the breeding of triple heterozygous rams and normal ewes. It also examines the individual variations in the level of aneuploid metaphase II frequency in the spermatocytes of normal and triple heterozygous rams.
Materials and Methods
The three triple heterozygous rams used were derived from the mating experiments reported previously (Bruère & Ellis, 1979) . The karyotypes of the rams were determined by a whole blood leucocyte technique (Bruère & McLaren, 1967) and testicular material was obtained from testes after surgical castration under local anaesthesia. The meiotic preparations were made using the technique developed for the ram by Chapman (1974) . The meiotic preparations were stained with aceto-orcein for 2-3 h or with Giemsa for 10-15 min. Samples were also taken from the testes for histological examination. The sections were cut at 5 pm and stained with haematoxylin and eosin. As described previously (Chapman & Bruère, 1975) via free access t3t3 rams. As described (Chapman & Bruère, 1975) no hypermodal cells were observed in 268 cells from the normal rams or the homozygous translocation-carrying rams. However, 9 aneuploid (hypermodal) cells were observed in the triple hétérozygotes. The aneuploid spermatocyte frequencies of the individual rams were analysed and are given in Table 2 and the combined data are presented in (Chapman & Bruère, 1975) , no hyperhaploid cells were found in the 84 cells evaluated from the 3 normal rams. In the present study only one cell from the normal rams was found to have 29 chromosome arms. This cell may not have been a true aneuploid secondary spermatocyte but rather the result of a chromosome loss due to lagging at the first anaphase. This and previous evidence suggest that there are either very few or no aneuploid secondary spermatocytes produced during spermatogenesis by either the normal ram or homozygous translocation-carrying rams. The data from Table 2 show that there was a considerable variation in the levels of aneuploid metaphase II frequency between the 3 triple heterozygous rams. This variation ranged from 5-81-2-33% in Ram B47/48 to 16-6-6-6% in Ram Bl 11/77, the mean level being 5-42% and is consistent with the individual variations in aneuploid metaphase II frequencies which have been found in all the single heterozygous rams studied so far (Chapman & Bruère, 1975; Long, 1978) . This is similar to results from comparable studies on translocation-carrying mice (White & Tjio, 1967; Cattanach & Moseley, 1973; White, Crandall, Raveche & Tjio, 1978) .
The mean level of aneuploid frequency in the triple hétérozygote rams was significantly higher than the zero level found in the homozygous (t^, and t3t3) and normal rams (Table 3) .
Therefore, as with the single hétérozygotes (Chapman & Bruère, 1975) , triple heterozygosity for the Robertsonian translocations is a factor leading also to the increased frequency of aneuploid secondary spermatocytes. However, the level found in the triple hétérozygotes was comparable to the levels reported for single heterozygous rams (Chapman & Bruère, 1975; Logue, 1977; Long, 1978) (1978) in which the segregation products in the embryos were balanced and demonstrated no preferential segregation of the translocations. However, it is probably premature, with the limited data available, to speculate on the significance of this correlation in sheep. In earlier meiotic studies, a significant excess of normal balanced secondary spermatocytes was found in single heterozygous rams (Chapman & Bruère, 1975; Long, 1978) but subsequent mating data demonstrated a balanced segregation pattern (Bruère & Ellis, 1979) . Although it is possible that a process of cell selection during spermatogenesis results in the production of gametes in proportions which are significantly different from the expected ratio (1:1:2:2:1:1), it has previously been suggested by Ortavant (1958) and Roosen-Runge (1973) that the chromosomally abnormal cells in the ram and translocation-carrying rams (Bruère, 1974a;  Chapman & Bruère, 1975) 
